im)n^wnf¥ (JP) (12) ^ ^ 4^ 1^ ^ ^ (A) 



#5i¥10 -287960 

(43)4iliH ^riElO^(1998) 10^27 B 



(51) Into.* 
C2 2C 38/00 
38/26 
38/54 



3 02 



F I 

C 2 2 C 38/00 
38/26 
38/54 



3 0 2Z 



tmSSt ^miR I9^a>&3 OL 5 M) 





#B¥9-101562 


(71)tHIHA 


000006655 
















3K]^=FftBaK:*^(?r 2 re 6 » 3 ^ 






(71)BIRA 


594066442 








mm 








^omsommB i ts 1409 4 








m± 








..=FaiSSSopJfS20- 1 SrB^SIiftHs^ 
















iEj& 








1^JgJ&S^i^9r<er20- 1 »rQ3^S«l»^ 














(74)f^aA 













(54) ?8fi^DA:73i^^h«| 



(57) [MiS^l 

I^^^^l 'r^J:t>ib^mm\^. C:0. 0 1-0. 
0 8%, N : 0. O I'-O. 10%. S i : 0. 50% 
Mn : 0. OS-^-O. 5 0%. Cr : 8. 0 0-- 
13. 00%. W: 1. 50^—3. 5 0%. Mo : 
0. 5 0%1^T. V : 0. 1 0~0. 3 0%. Nb : 
0. Ol-'O. 1 5%. f^^HlCiSUTB : 0. 00 10 

-0. o 1 0 o%^-&:firt-5o $e>icgfri&<^5Sit;iN i : 

0. 0 2 0%J[^T> C o : 0. 2 0%j^T:S:r/Cu : 



C : 0 . 0 1 — 0 . 0 8 

N : 0. 0 1~0. 10%. 

S i : 0. 5 0%Jl^ilT. 

Mn : 0. 0 5 — 0. 50%. 

Cr:8. 00--13. 00%. 

W : 1. 5 OS'-S. 5 0%. 

Mo : 0. 5 0%&sT. 

V :0. 10 — 0.30%. 

Nb:0. 01—0. 15% 

im^m2] ^ h\cmm%x\ B : 0 . ooio- 
0. 0 1 0 o%^^j!niuytr<!:^#m^i-5it*3Siis 

im^ms] ^h\cm&%X\ Ni : 0. 2 0%!^ 
T. Co : O. 2 0%gtT^a^Cu : 0. 2 0%l^T<^ 

^m^Ttmt ur^^-ts w t irrsa^^s i ^ 

[0 0 0 1 1 

[0 0 0 21 

n<D5 3 8'C/2 4 6kgf/cin2 f>^it> 5 9 3t:/3 1 6kg 
f/cm2. $ bJct* 6 5 Ot:/3 5 Okgf/cin2 tV^9Fffi 

<ti^tmu^&(Dm^.^^h^&mt>tix\^^^ 2 • 1/4 

C r -Mo3iliji^T*t?fe</£^o — 18-8:^— 

[0 0 0 31 ;::(7>J:5^c^i*t-wtL^-C9Cr- 

Mo^5-t)J2Mo#iJ^^^*C0ii5i5^a3.>'ai^-< h^mf^m 

[0 0 0 4] ^/c. ^(D^mm^mti^x. ^a^s- 

6 0 9 0 5-^. 4^§iBS6 1-231139-^. ^^W^A 
-37 I 5 5 2'^(O^Amt^tlcmm,<Oh(Oi^h^. 

ti^ih(o^^^&m^«im\c^m't:5o 4^^3-609 

0 5-^^StCfi8 — 1 3%C r^tilO. 5 — 2. 3 %M 

o^o. 2 — 2. o%v/^mi\\.xm^ v—y^mt& 
»fj:m^tm^ti. wrasse 1-23113 s^^^mc 



(2) 4#5B¥^1 0-2 8 7 9 6 0 

2 

ti8 — 1 3%C r^tCO. 1—0. 4%Moi:l. 8 — 

3 . 0 %w$r^p LTiS^ y -^^mtSimmmm 

btt. ^mW4-3 7 1 5 5 2-§-<2>^t;it^ 8 — 1 3%C 
r 0 . 5 %*S§M 0^2. 0 — 3 , 5%W?:m:?J0 L 

10 mn^m^^tl^Xisy). Ni, CoSU^Cu^tDy 
[0 0 0 51 

mut x^x^mx^^^bfaMWu^^s.^^'r^M^^j^^ 

20 [0 0 0 6] 

C. N, Cr. Si. Mn, ViSt/^N b ^<0-g^^^5><^ 

[0 0 0 7] ^Ic^^^tT^^g^b-r^irr^t^i. 

50 (1) 24%"^ C:0. 01—0. 08%. N:0. 
0 1 — 0. 10%. Si : 0. 5 0 %i^iT. Mn : 0. 
05 — 0. 50%. Cr:8. 00—13. 00%. 
W: 1. 50@— 3. 50%. Mo:0. 50%|^JLT. 
V:0. 10 — 0. 30%. Nb:0. 01 — 0. 15 

( 2 ) ^ b {cmfi%-C. B:0. 0010 — 0. 010 

o%^^*DUfc:i^^ii#®^i-5M15 (1) 

40 (3) Ni : 0. 2 0%WT. Co : 

0. 2 0%J^T&U5Cu : 0. 2 0 %^XT (oyfWmjtm 

ti.x^^'T^^t^^Wit'r^mm (d ^y^fi 

[0 0 0 8] 

fwovvrm^^i-^o criitcMC (Mii-g^^Tc^^ji 
-r. i^T^i^c) ^im23C6 LT^tii 

U. ^Sa:U^ttlc:k:#*j^«^^-rSo O. 0 1%* 

50 ^xmim&t^<i^fsi<^ mt\^\'t^+^x^^ ^ o. o 



-2- 



3 

-ylim^&^i&T^'t^<DX\ 0. 0 1-0. 08% 
[0 0 0 91 NJ^Nb, V:^XJ^C rfj^t^tf^'t L^Xmt 

0. io%^mK.^tmm(Dm.±ittm\^<o^T^h 

0 1-0. 1 0%lci|S^L;/ho 

[0 0 10] Si ^i:5ts--o^^^id^/^v^75^ mii^m 

3SS«:I&I-hS-^^S<^T*S(S0. 0 5%ib^'Z^mX^^tK 
0. 5%^@x.5^:iatS.^S«rffiT^F-fr5<^'eJilSf^ 

0. 5 0%i:UfCo 

[0011] c r fi^g^a»il^bti^m«:-r 5±-ei^iv^^ 
w^c*7c*T*fet>. M23C6 m^imirmm-r^^^h 

^-rSo 8. 0 0%7l^S-Tr{iii5?§.-e(Di^®^>fbi^5j»57f:5^^ 
fj:^. mU^mhi&T't^. —:fj. 13: 0 0%@T-tt 

tl^<DX% 8. 0 0 — 13. 0 0%{CPS^U^Co 

[0 0 12] w{:i@^ft:3t{l::tM2 3CB omfflWWoa 

t^^v-zmm^m<o\^±\cm^x^^x^^o 

1. 5 OVoB'^^mxh^t^. 3. 5 0%^^g;t5^a:^ 
"^^itlsb^ 1. 5 0j@-3. 5 0%{CRS5^UfCo 

[0 0 13] Mo nrnmi^mt^hfch-rtrnmc^ m 

atiiabT. 0. 5 0%j@T?ftM6 CirLavestg 

(D-C. 0. 5 0%&LTt UfCo 
[0 0 14] Vfl^^fei^^ftife^ LT^UiL.. ii5?a5t 

S^ii5*5«#^i-6o 0. 1 o%*iS-e{iSb^35S/h^ 

<. O. 3 0%^T-J1V (C, N) (Oa:^{b^^iS<fctt 
T*/^<. M23C6 <b Lrtffmb#5C*^®/J^^ii:. iS 
tcii5?§.^^fiT$-fr5o-C. 0. 10 — 0. 3 0%{c: 

[0 0 15] Nbtij^^ib^^ LTWtiiL. ?tS^i^i?> 
^(D^cm^Xh^o SiSO. 0 l%;55i£:^^T-^>5:6^ 
0. 1 5%^j@;tT^i-5i:j^#3&^b?aST-r±-^h 

/^V^(^T^ 0. 0 1 — 0. 1 5%{C|5S^L/Co 
[00 16] Bli&^^ftS:tm23 (C, B) 6 fjt^t 

0 0 10 %^mxnmwzti^4^^ < . 0 . 0 10 0 %mx 

9-^<?i5yS:i?). 0. 00 10 — 0. 0 1 00% 
[0017] N i i^:t—:^7'-r^ h±iS.7tmX^ «9 . 6 



(3) 1#S¥l 0-2 8 7 9 6 0 

tfN i ^O^^L*v^^i:^5S^Lv^o iS iJ^ ci A :7 ^ 

coT% ^®iJb<Dl=miS*^i5^y-:/3^Sie:^i-5^S(^ 
^^^^J^v^teffl^%S:bTN i fio. 2 0%i^Ttuyho 

[0 0 18] Coti:*— h^TC^-Cfet). N 

<Di^ v—y3i^m:^mT^^o %ox^ Nitmm. co 

J^cCV^®IS^%^LTC otiO. 20%UJlT^LfCo 
[0 0 19] CuJi;^— h^TC^T-fcf?. N 

^##,LrCu«0. 2 0%Jl^T^bfCo 

[0 0 2 0] ^mtm^m^v. jO-o^g^tt^mt^f S 

tCj^.^J'^O. 0 1—0. 0 8%OC. 0. 0 1—0. 1 
30 0%(DN. 0. 5 0%J[^Tt^S i ^U^O, 0 5 — 0. 5 
0%COMn^^fl-r5 8 — 1 3%(DC r^lC, 1. 5 — 
3. 5%C0W. 0. 5%UTCOMo. 0. 10 — 0. 3 
0%<DV. 0. 0 1-0. 1 5%ONb^1t-&^^i"^ 

[00 2 1] ±mx^^^ti<t^^^^m'^mui.ftmi^ 
ciA>^^^>r hiitc. $^ico. 0010 — 0. 010 

40 [00 2 2] _bfaT*^-<fc{t:^^5>^«^^*i \.fz.%^ 

xJK-y^'y^ hSitC. h^TC^N i , C 

o^TJ^Cu^O- 2 0%J£(.TtC-r5r ^ICJ; tJffi^a^ 

[0 0 2 3] 

xn'mm ^iic^i-ib^msr^-r^*:^?^^ (no. 

1 — 14) ^ifcK<?5 9 — 1 3C r Si (No. 15 — 17) 

fgi^fiE^tCioTif:^ 1 \^fzf<k. 10 6 

0*Cx 6 Omin. O^^/^bb. 7 6 0 t:x 6 Omin. O^b 

50 Mb^ffibfco rtoipi-fflgbfcf^jR-^e Got:. 2 



-3- 



(4) 



10—287960 



6kgf/nin2 6 sot:. 1 6kgf/nini2 cD2^#tc;^3V^ 

y-^»fWgfc^m\ ^fc6 0 ot:tcTi o o 0 

Npr^l^a^ 2 o*Ct;i:feVNT>'^ywi^-«JSKS^Sr?To 
fco •^:OJS^^«2lc::^-ro 

[0 0 2 41 ^23&^e>ffl^35^<^ct 6 0 0t:. 2 6 

kgf/mm2 RTJ^esOt:. 1 ekgf/mm^ o2^f4^{:i. 

1 Tlcitesure 0 O^C. 2 6kgf/min2 <D0k^^ 



*Tr2. 4fS~3. 5f&. 6 5 0^. X ekgf/mm^ co^# 
-e2. 3f&'-4. 2»<^®»f^ra«r^bTV^5o 

6 0 o't:(;iT 1 0 0 o^rsl^^^2 ox:t*co 
v^-Y/i^ f-KiRoi^ypdf- liiteggi ^ Jigs u-cS: @ -eti 

[0 0 2 51 





OK 

SW 


AC 


«K 


0t 
BH 


f0( 
w< 




fit 


fl5 

n< 


UK 






IS 


8S 


























oo 














&A 


«o 




=* 


1 


1 




o 

t 


» 




1 


» 


' 


1 


1 


1 


• 




LA 

c5 


CO 












to 


LA 


in 




OS 










OO 


S 


CQ 






































OS 






1 


1 






e$ 


o 


1 


t 

0 


1 


^3 


1 


1 




^» 














Ok 




eo 


ee 








OO 








1 


CO 




1 




1 


1 






• 




1 


1 


1 




1 




1 


















CO 




CO 


















LA 








1 




1 




t 




1 


^> 


i 


1 


1 


1 




1 


o» - 


1 


1 










o 






























o> 


Ok 


0» 




CO 


«A 






evs 




«A 








tA 


en 


ua 












*^ 




















o 












e» 


ei 


eS 






o 


O 












c5 














r— 


o 








lA 












lA 




LA 








s 






































e» 




d 


















„* 




























a 


LA 








eo 


OO 








OS 






*^ 




05 






























cd 










<=> 




























Ln 


tA 




OV 


tA 
9> 


lA 


OO 


OO 


— • 


lA 


C4 






in 




to 




^ 


LA 


iA 


U9 


«s» 




CQ 


eo 


OO 


CO 


est 




ca 




esi 


e>S 










oi 


c4 






e>a 


c<« 




ol 






to 


1X7 


U3 


t-n> 


Kr» 


tr» 


«o 












ITS 


LA 


«r> 


OO 


lA 




























es3 


ess 




e»a 


eo 


o 










o 












































LA 


LA 


u> 


tA 


Ok 


ir— 


lA 


CO 
























r— 


o> 


e> 


a> 


OO 


9» 


CO 












e»o 




d 


o(> 


od 






oS 




oe 




od 


















































e» 


oa 






















LA 


eo 












csa 


CM 










CM 








LA 


LA 




a 








o 




e> 










O 


c> 


€5 


c5 




c> 


















lA 


lA 






o» 


9> 


r» 


«o 


LA 


c*«a 










C4 


























C4 




to 




•a 




o 


«» 






























u» 


lA 




tA 


LA 






oe 


OO 




r— 


OD 


OO 


LA 


tA 
















e> 




C> 


CI 












































9 




e> 






O 




CM 


es 






tA 




OO 


a> 








CO 




tA 


«o 




















































w 


m 














ii 







[0 0 2 6] 



[^21 



-4- 



(5) ^mW- 10-287960 

7 8 







tt»rl^M(hr) 


eoo^c. ioooBr^j»m 

20'CrC!>S/'-vJHf— 




No 


6001::. 26kgf/DD' 


650t;. lekgf/oD* 




1 


964.0 


688.2 


5.5 




2 


1183.6 


9S6.3 


4.8 




3 


86S.3 


636. 0 


S. 2 




4 


1082. 3 


776.4 


5.1 


m 


5 


920.9 


818.0 


7.8 




6 


1278. 1 


1123.5 


5.7 




7 


914.5 


719.6 


4.3 




g 


1008. 8 


947. 9 


45 




9 


825.4 


621. 3 


6.8 




10 


1026. 7 


818.0 


5.7 




11 


824.8 


623.2 


9.1 




12 


9 SB. a 


547.9 


10.8 




13 


980.3 


731.0 


8.7 




14 


984.6 


726.6 


5.3 


it 


15 


402. S 


300.9 


18. 9 




16 


521.2 


445.3 


14.8 


m 


17 


338. 7 


268.0 


4.2 



[0 0 2 7] 



azi^mm iff* ^ (72)«?g# mm 

'f-m^^mmm'Sio- 1 me assess; mm^x:^kj^e^ itb\a<d4 



-5- 



10-287960 

(54) [Title of the Inyention] High chromium ferrite steel 
(57) [Abstract] 

[Problem] To enhaace the thermal efficiency of thermal power generation, recently, 
conversion of steam condition into high temperature and high pressure is planned, and it 
is attempted to raise steam condition up to a so-called ultra-supercritical pressure 
condition. For selection of materials for boiler tubes and others, development of high 
chromium ferrite steel of high strength is desired. 

[Solving Means] The invention comprises C: 0.01 to 0.08 % , N: 0.01 to 0.10 % , Si: 0.50 % 
or less, Mn: 0.05 to 0.50%, Cr: 8.00 to 13.00%, W: over 1.50 to 3.50%, Mo: 0.50% or less, 
V: 0.10 to 030 % , Nb: 0.01 to 0.15 % , and as required B: 0.0010 to 0.0100 % . Further, this 
steel contains austenite producing elements of impurity levels of Ni: 0.020% or less, Co: 
0.20% or less, and Cu: 0.20% or less. 

[Claims] 

1. A high chromium ferrite steel having excellent high temperature strength 
comprising, by wt. % : 

C: 0.01 to 0.08%, 
N: 0.01 to 0.10%, 
Si: 0.50% or less, 
Mn: 0.05 to 0.50%, 
Cr: 8.00 to 13.00%, 
W: over 1.50 to 3.50%, 
Mo: 0.50% or less, 
V: 0.10 to 030%, 
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Nb: 0.01 to 0.15%, and 

the remainder of Fe and other mevitable impurities. 

2. The liigh chromium ferrite steel having excellent high temperature strength 
of claim 1, further comprising, by wt.%, B: 0.0010 to 0.0100%. 

3. The high chromium ferrite steel having excellent high temperature strength 
of claim 1 or 2, further comprising, by wt. %, Ni: 0Jt0% or less, Co: 0.20% or less, and Cu: 
0.20% or less, as impurity elements. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a high chromium ferrite steel excellent high 
temperature creep strength, and more particular to boiler steel tubes. 
[0002] 

Recently, from the viewpoint of enhancing the thermal efiBciency, sift to high 
temperature and high pressure of steam condition is promoted in thermal power 
generation, and it has been attempted to raise from the present level of 538^C/246 kgC^cm^ 
to a so-called ultra-supercritical pressure condition of 593^07316 kg/cm^ or even 650^C/350 
kgC^cm^. In this trend, when selecting materials for boUer tubes, the existing 2 - l/4Cr-Mo 
steel cannot be used from the viewpoint of oxidation resistance and high temperature 
strength. On the other hand, lS-8 austenitic heat resistant steel may be applied, but there 
are problems of fatigue by repeated thermal stress and increase of cost. It has been hence 
keenly demanded to develop a high chromium ferrite steel of high strength satisfying the 
both characteristics. 
[0003] 

Hitherto, in such applications, high chromium ferritic heat resistant steels such as 
9Cr-Mo steel and 2Mo steel have been used, but none of them can be used in such steam 
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conditions because the creep rupture strength is insufficient. 
[0004] 

Other related technologies include Japanese Patent Publication No. H3-60905, 
Japanese Laid-open Patent No. S61-231139, and Japanese Laid-open Patent No. 
H4-371552, and these prior arts are briefly explained below. Japanese Patent Publication 
No. H3-60905 proposes to obtain high creep strength and excellent toughness by adding 
0.5 to 23 % of Mo and 0.2 to 2.0 % of W to 8 to 13 % Cr steel, Japanese Laid-open Patent 
No. S61-231138 pro[K>ses to obtain high creep strength and excellent toughness by adding 
0.1 to 0.4 % of Mo and 1.8 to 3.0 % of W to 8 to 13 % Cr steel, and Japanese Laid-open 
Patent No. H4-371552 proposes to obtain high creep strength and excellent toughness by 
adding less than 0.5 % of Mo and 2.0 to 3.5,% of W to 8 to 13 % Cr steel. These 
publications relate to chemical compositions enhanced in creep strength by adding Mo 
together with W. These textures are basicaUy tempered martensite single phase not 
containing delta-ferrite in order to enhance the toughness and assure creep strength, and 
are composed by adding gamma (austenite) producing elements such as Ni, Co and Cu. 
[0005] 

[Problems that the Invention Is to Solve] 

However, for use in ultra-supercritical pressure boilers being planned at the 
present, these ferrite steels are insufficient in high temperature creep strength, and it has 
been an urgent matter to enhance it. The invention is devised in the light of such 
technical situation, and it is an object thereof to present a high chromium ferrite steel 
havii^ enough high temperature strength to be used as the material for ultra-supercritical 
pressure boUers. 
[0006] 

[Means for Solving the Problems] 

To achieve the object, the invention presents a high chromium ferrite steel 
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excellent in high temperature creep strength composed by adequately adding W and Mo, 
optimizing the contents of alloying components such as C, N, Cr, Si, Mn, V and Nb, and 
without using gamma (austenite) producing elements such as Ni, Co and Cu which are 
high temperature strength lowering elements. 
[0007] 

That is, the invention is summarized as follows. 

(1) A high chromium ferrite steel having exceUent high temperature strength 
comprising, by wt.%, C: 0.01 to 0.08%, N: 0.01 to 0.10%, Si: 0.50% or less, Mn: 0.05 to 
0.50%, Cr: 8.00 to 13.00%, W: over 1.50 to 3.50%, Mo: 0.50% or less, V: 0.10 to 0.30%, 
Nb: 0.01 to 0.15%, and the remainder of Fe and other inevitable impurities. 

(2) The high chromium ferrite steel having excellent high temperature strength 
of (1), further comprising, by wt.%, B: 0.0010 to 0.0100%. 

(3) The high chromium ferrite steel having excellent high temperature strength 
of (1) or (2), further comprising, by wt. %, Ni: 0.20% or less, Co: 0.20% or less, and Cu: 
0.20% or less, as impurity elements. 

[0008] 

[Embodiments of the Invention] 

The reason of limiting the components of the invention is explained below. C 
mainly deposits as carbide of MC (M being an alloying element, same hereinafter) and 
M23C6 type, and has a great effect on strength and toughness. JS less than 0.01 % , the 
deposition is small and insufficient for strength, but if exceeding 0.08 %, aggregation and 
roughening of carbide is promoted, and high temperature creep rupture strength is 
lowered, and hence the content is defined within 0.01 to 0.08%. 
[0009] 

N is bonded with Nb, V or Cr, and deposits nitride or carbonitride, and is one of 
the important elements for enhancing the high temperature strength. At least it is 
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effective at 0.01 %, but if exceeding 0.10%, nitride particles become large and the 
toughness is lowered, and it is hard to manufacture, and hence it is limited within 0.01 to 
0.10%. 
[0010] 

Si has little effect on strei^h, but worsens the toughness, and it is limited at 
0.50 % or less. Mn improves the strength at ordinary temperature and at least 0.05 % is 
necessary, but if exceeding 0.5%, the high temperature strength is lowered, and the upper 
lunitisO.50%. 
[0011] 

Cr is an indispensable element for assuring high temperature oxidation resistance, 
and is also effective to deposit M23C6 type carbide. At less than 8.00 % , it lacks in 
oxidation resistance at high temperature and the high temperature strei^h is also lowered. 
If exceeding 13.00%, it is hard to suppress delta-ferrite, and the strength and toughness 
are sacrificed, and hence it is defined within 8.00 to 13.00%. 
[00112] 

W fortifies solid solution and promotes fine deposition of M23C69 and also 
suppresses aggregation and roughening of carbide, and it is extremely effective for 
enhancii^ the high temperature creep rupture strength. At least over 1.50% is necessary, 
but if exceeding 3*50% , coarse Laves phase is likely to grow, and high temperature 
strength is lowered, and it is limited to over 1.50 to 3.50%. 
[0013] 

Mo fortifies solid solution and stabilizes M23C69 and improves high temperature 
strength. In relation to the amount of W, if exceeding 0.50 % , deposition of M^C and 
Laves phase and roughening of aggregation are promoted, and high temperature strength 
is lowered, and it is defined within 0.50%. 
[0014] 
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[0015] 

within 0.01 to 0.15%. 
[0016] 

limited witliin 0.0010 to 0.0100%. 
[00171 

eff«t M creep stmigtt, Hk Italt of Ni is OOO % „r less. 
[0018] 

Cis».,««U,ep™,.d.g.ta,««.™,„^^,„^„^^^^^^^^ 
*H.^.n*..,.ae.,^c.s«,e..^,«,,^,,„..,,„,^^^^__^^__^^ 
„r s,^. p^ase .e., ^ ^ ^ 



i, I, tan, U. t™p„ «tf„^,, ^ ,„„^.,^^ ^ ^ 

ny«» in to««.w,, ..d c^Hertag n^n-fec^t^ com™, a.,. ^ 
[Ml»] 

C. is ^ p^„^ ..dUt.Nl.nd C, i. s.pp^ ^ 

del»^«Tl«. ..d ,.„^, fc„ c„ leads «. ^ ^ 

pr<««s..««K,me.tt„gp„p.«es,a™,««e«.pstt»^„„<,„.^,,^^^ 

deposm.. lV^.«,.ik.Ni.rC.,i.,sprer.™,„....«,dC. I. „„„.n,.e.^ ^ 
hlghel„,^r.„1,.^Cu„d,«i.in.^,,,„,^^^^,,^^^^^^^__^ 

co«rolltal...d™^.rsn..U««.,rf,e«.n^p,,„.^,,,,^„^^„^^^^^ 
less. 

[0020] 

I««8t.l3% Crs^com^9M,o0m% of C, 0.01 ,.0.10% N,0.50* or 
.«.fSl,«d..05....50,.rM.n«.ssar,f.r,.™,.,e.,^^^...,^^ 

w.ldi.gp.rf.™.o.e,b,cmp.™„.,..d«Hin,1.5«.3.5, .fW.a5% „,«s.fMn 

......o^o* o,v,..daoi ..0.15, .fNM.,sdisc™«,««.^^er 

high temperature strength is obtained. 
£0021] 

I. «.e Idgh cl„»„u™« ,.„i,. ^ e™np.™dtag ™d aiding ft. .^.^ 

high temperature strength is obtained. 
[0022] 

In the high chromimnferrite steel compounding and adding the above Chemical 

composition, by limiting the austenite producing elements Ni,CoandCu at 0.20% or 1^ 
a high chromium ferrite steel of high temperature strength is obtained. 
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[0023] 

[^bodiments] 

^^^^ ... „^ ^ ^ ^ 

«..c^.,r«».c.:.^= ^^^^ 

Table 2. 
[0024] 

As Clear f„,™,,b.e 2, in both conditions of 600oc.26kg,yW,a„d650oc^ 
kgfi'W. the creep rupture time of the invention was longer than th. 

longer than the comparative steel, 

for boUer steel tube is confirmed. 
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Table 2 



Sharpy absorption energy at 20°C 
after aging at 600°C for 1000 hours 







Rupture time (hr) 


600X;. lOOOBrf^^m 

20"C 7? O S/' * J!/ fcf — 




No 


SOOX;, 28kKf/m' 


650X7, 161»f/m' 




1 


9610 


683.2 


5.5 




2 


1183.6 


956.3 


4.8 




3 


g6S.3 


636.0 


6.2 




4 


1082. 3 


776.4 


5. 1 


teel 


5 


920.9 


818.0 


7.8 


CO 

c 
o 


6 


1278. 1 


1123.5 


5.7 


c 


7 


914. S 


719. 6 


4.3 


> 
c 


S 


1008. 8 


947.9 


4.5 


The 


9 


825.4 


621.3 


6. 8 




10 


1026. 7 


818.0 


5.7 




11 


824 8 


623.2 


9. 1 




12 


958.6 


547.9 


10.8 




13 


980. 3 


731.0 


8.7 




14 


984. e 


726.6 


5.3 




15 


402.5 


300.9 


18.9 




16 


521.2 


445.3 


14 8 




17 


338.7 


268.0 


42 



(0 



[0027] 

pSffects of the Invention] 

As described herein, the invention supplies a high chromium ferrite steel of 
excellent creep rupture strength and enough toughness, and it is expected to be applied in 
the field of thermal power generation. 
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